1. Introduction
===============

Acute kidney injury (AKI) is associated with an increased risk of patient mortality and deterioration of kidney function.^\[[@R1],[@R2]\]^ Although there have been numerous studies on the risk factors and clinical outcomes of AKI, there remains a need to raise awareness of AKI.^\[[@R3]\]^

Postoperative AKI is one of the main categories of AKI.^\[[@R1],[@R4]\]^ It is strongly associated with poor prognosis,^\[[@R5]--[@R9]\]^ and even a small elevation in serum creatinine (sCr) level was shown to be associated with an increased risk of patient mortality or progression to end-stage renal disease.^\[[@R10]--[@R13]\]^ However, most studies on postoperative AKI were performed in patients undergoing major surgeries that are mainly performed under general anesthesia (GA).^\[[@R11],[@R12],[@R14]\]^ Also, clinicians commonly consider that surgeries under non-GA are relatively safer than GA surgeries regarding AKI risks, but evidence concerning this issue is scarce. Therefore, the risk factors, prognoses, clinical awareness regarding postoperative AKI undergoing surgeries under non-GA need further investigation.

In this study, we evaluated whether postoperative AKI after surgeries under non-GA bears similar characteristics and clinical significance as that after GA surgeries. We also assessed the clinical awareness of postoperative AKI in non-GA operations. Above investigations were performed to report the necessity of an additional attention to the postoperative AKI after non-GA surgery considering the comparable clinical significance of AKI after non-GA surgeries to the AKI of GA operations.

2. Materials and methods
========================

2.1. Ethical considerations
---------------------------

The institutional review board of the Seoul National University Bundang Hospital approved the study (approval number: B-1706/403--101). Informed consent was waived as this was a retrospective cohort study. The study was conducted in accordance with the principles of the Declaration of Helsinki and performed following the STROBE guideline.

2.2. Study population
---------------------

We retrospectively reviewed all surgeries that were performed in adults (age, ≥18 years) from January 2006 to December 2015 at a tertiary referral hospital in Korea using an electrical medical record database. As shown in Figure [1](#F1){ref-type="fig"}, we included the first index surgery of each patient in this study (n = 82,512). Operative procedures performed by non-surgical departments (e.g., colonoscopy procedures or radiologic interventions) were not considered. To exclude the effect of multiple surgeries within a short period, patients who underwent additional surgeries within 1 month from the index operation were excluded (n = 7911). We also excluded patients with previous end-stage renal disease (n = 77). The remaining patients were included in the study.

![Flow diagram of the study population.](medi-97-e12014-g001){#F1}

Patients who underwent surgeries under GA and non-GA (including local, spinal, and other \[e.g., monitored anesthesia care\] types of anesthesia) were separately grouped to investigate the characteristics of non-GA and GA operations. As we intended to assess the characteristics, prognosis, and clinical awareness of postoperative AKI after non-GA surgeries, the analysis was performed in multiple levels. We first investigated clinical management pattern in the entire cohort, and the characteristics and prognosis of postoperative AKI were assessed within those who had their perioperative renal function measurement

2.3. Investigations for clinical awareness regarding AKI
--------------------------------------------------------

Firstly, we assessed clinicians' behavior of perioperative management regarding AKI, as we hypothesized that patients under non-GA surgeries would less likely to be paid attention for the risk of AKI. This investigation was performed in the entire cohort (n = 74,524, Fig. [1](#F1){ref-type="fig"}), with the following outcomes. First, missing measurements of baseline or follow-up sCr were collected. Baseline sCr was the lowest sCr within 3 months before the surgery, and missing measurements were recorded. Follow-up sCr measurement from a certain event defined as either surgery or AKI was considered present when a sCr value was recorded within 2 weeks after the event. Next, outcomes of perioperative nephrology division consultation were collected. When a consultation note to the nephrology division of our hospital was present within 3 months presurgery or 2 weeks post the AKI, we considered the patient as having been referred to the nephrology department in the according period.

2.4. Investigations for characteristics and prognosis of AKI
------------------------------------------------------------

Next, those with missing baseline or follow-up sCr values were not considered in the analyses to study the risk factors and prognoses of AKI, as AKI itself was undefinable (Fig. [1](#F1){ref-type="fig"}). We also excluded patients who met the AKI criteria before surgery and those with preexisting impending kidney failure defined by a baseline sCr value \>4 mg/dL to analyze kidney function deterioration in the postoperative period. The remaining patients, 41,996 in GA group and 11,488 in non-GA group, were included in the group to assess risk factors of AKI and prognoses. In these group of patients, AKI events were identified and staged according to the international Kidney Disease: Improving Global Outcome guidelines; sCr increased by 0.3 mg/dL within 48 hours or increase in sCr to 1.5 times baseline.^\[[@R15]\]^ As sCr follow-up timing was heterogeneous, we used sCr values within 2 weeks post-surgery to identify AKI events, and peak sCr levels to stage AKI.^\[[@R16],[@R17]\]^ The prognostic outcomes included postoperative mortality and initiation of maintenance dialysis within 3 years post-surgery. We reviewed the national mortality database after acquisition of government approval as a considerable portion of deaths occurred outside of the hospital. Also, we collected events indicating either doubling of sCr or halving of estimated glomerular filtration rate levels compared to baseline at 3, 6, and 12 months post-surgery, within a 2-month window period to analyze sCr-based outcomes.

2.5. Data collection
--------------------

We collected data of the patients' age, sex, and baseline body mass index before surgery. The last laboratory values within 3 months before the operation were considered baseline^\[[@R18]\]^; collected laboratory examinations included sCr levels, estimated glomerular filtration rate (eGFR) as calculated by the Chronic Kidney Disease-Epidemiology Collaboration sCr method,^\[[@R19]\]^ hemoglobin levels, serum albumin levels, and dipstick albuminuria results. Patients with baseline hemoglobin levels ≤11 g/dL were considered having anemia, and those with serum albumin levels ≤3 g/dL were considered having hypoalbuminemia.^\[[@R20]\]^ Underlying comorbidities such as hypertension, diabetes mellitus, and cancer were identified by their designated International Classification of Disease-10 diagnostic codes^\[[@R21]\]^ and relevant medication usage.

We reviewed the perioperative usage of the following medications: renin-angiotensin-aldosterone-system blockers, diuretics, and nonsteroidal-anti-inflammatory drugs.^\[[@R22]\]^ The following surgery- or anesthesia- related characteristics were also reviewed: type of anesthesia, whether the surgery was an emergency operation, duration of surgery and anesthesia, preoperative American Society of Anesthesiologists (ASA) class,^\[[@R23]\]^ and the main department caring for the patient.

2.6. Statistical analysis
-------------------------

Categorical variables are shown as frequencies (percentages) and were compared using the *χ*^2^ test. We confirmed that all continuous variables in our study population were non-normally distributed using the Shapiro-Wilk normality test. Therefore, the variables are shown as median scores (25 percentile--75 percentile) and compared with the Mann--Whitney *U* test.

The patterns of nephrological evaluations were assessed through logistic regression analysis using the GA group as the reference. To analyze the risk factors for AKI, multivariable logistic regression analysis that was adjusted for clinical characteristics was performed. A survival curve was plotted using the Kaplan-Meier method to analyze the postoperative prognosis of patients with AKI; *P* values were calculated using the log-rank method. In the multivariable analysis, a Cox regression hazard model was used to assess the progression to end-stage renal disease and patient mortality. The sCr-based outcomes were analyzed using a logistic regression.

In multivariable analysis for evaluation for nephrological evaluation pattern, following variables were adjusted: age (continuous, years), sex, ASA physical state class (categorical, 1 class increment), and comorbidity of hypertension or diabetes mellitus. For post-AKI nephrological assessment, presence of baseline reduced kidney function (categorical, whether eGFR \<60 mL/min/1.73 m^2^ or not) and the stage of AKI (categorical, stage 1, 2, and 3) were added to the multivariable model, as patients with higher AKI stages or preoperative chronic kidney disease (CKD) were more likely to be followed up.^\[[@R15],[@R24]\]^ Next, in logistic regression analysis for AKI risk factor investigation, following variables were adjusted: age (continuous); sex; body mass index (BMI) (continuous); comorbidities of hypertension, diabetes mellitus, or cancer; surgery department (categorical, cardiovascular surgery, pulmonary surgery, general surgery, orthopedic surgery, urologic surgery and others); operation time; ASA physical state class (categorical, 1 class increment); presence of baseline reduced kidney function categorical, whether eGFR \<60 mL/min/1.73 m^2^ or not); baseline albuminuria (categorical, presence or absence); anemia (hemoglobin \<11 g/dL); hypoalbuminemia (serum albumin \<3.0 g/dL); and perioperative medication use including RAAS blockers, diuretic agents, and NSAIDs. For patient mortality and renal prognosis assessment, Cox proportional hazard model and logistic regression analysis was adjusted with following variables: age (continuous, years); sex; comorbidities of hypertension, diabetes mellitus, or cancer; perioperative use of diuretic agents; surgical time (continuous, hours); ASA physical state class (categorical, 1 class increment); attending department (thoracic surgery-cardiovascular, thoracic surgery-pulmonary, general surgery, orthopedic surgery, urology, and others); baseline eGFR (continuous, mL/min/1.73 m^2^); presence of hypoalbuminemia (serum albumin \<3.0 g/dL) or anemia (hemoglobin \< 11 g/dL); and presence of albuminuria (categorical, presence or absence) in urinalysis. Surgery departments were not included in the multivariable survival analyses for end-stage renal disease as there were departments without the events.

For missing values in our dataset, multiple imputations were performed with the "mice" package of the R software (version 3.2.5; The R Foundation) using the classification and regression trees method, calling 6 multiple imputed datasets and presenting the combined results with the "pool" function. The following variables were imputed when included in the analyses and the proportions of missing values in the entire cohort were as shown: baseline body mass index (n = 29,436, 39.5%), American Society of Anesthesiologists physical state class (n = 4867, 6.5%), surgical duration (n = 4936, 6.6%), baseline hemoglobin levels (n = 3900, 5.2%), serum albumin levels (n = 4556, 6.1%), and dipstick albuminuria results (n = 20,676, 27.7%). Missing values were identified to occur in a random manner.

All statistical analyses were performed using the R software. Two-sided *P* values \<.05 were considered statistically significant.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

We detected significant differences in perioperative characteristics between the GA and non-GA groups in the entire cohort (Table [1](#T1){ref-type="table"}). Patients of the GA group tended to be older (*P* \< .01) and less obese (*P* \< .01) compared to the non-GA group. Hypertension (*P* \< .01) and cancer (*P* \< .01) were more frequent in the GA group, whereas diabetes mellitus was more common (*P* \< .01) in the non-GA group. Laboratory findings were also significantly different, and the GA group was generally had worse laboratory characteristics. We also observed differences in the attending department of surgery between the 2 groups (*P* \< .01). The number of patients receiving specific types of anesthesia according to the attending department is shown in Supplemental Table 1.

###### 

Baseline characteristics of the entire cohort.
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3.2. Clinical awareness regarding postoperative AKI in the non-GA group
-----------------------------------------------------------------------

The results regarding comparison between the GA and non-GA surgeries for their clinical assessment pattern for postoperative AKI are shown in Table [2](#T2){ref-type="table"}. Patients of the non-GA group had their baseline sCr and follow-up sCr levels less frequently than those of the GA group. This result was significant for majority of surgery departments except the orthopedics department at which follow-up renal function was more frequently assessed in the non-GA than in the GA group. Preoperative consultation of the nephrology department was requested in similar frequency in 2 groups, except for the general surgery department in which preoperative nephrology referral was less commonly requested in non-GA than in GA surgeries.

###### 

Perioperative nephrological evaluation pattern of the entire cohort.
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3.3. Postoperative AKI risk factors for AKI in the non-GA group
---------------------------------------------------------------

Among the patients in the study cohort with perioperative sCr measurements, 7.6% (n = 4085) developed postoperative AKI. The incidences of identifiable AKI were 8.3% (n = 3499) and 5.1% (n = 586) in the GA and non-GA groups. In the multivariable analysis, within those with available perioperative sCr levels, patients who underwent non-GA surgery had similar odds for postoperative AKI as those underwent GA surgeries (adjusted odds ratio, 1.05; 95% confidence interval, 0.94--1.17; *P* = .42).

As shown in Table [3](#T3){ref-type="table"}, the clinical characteristics associated with postoperative AKI included diabetes mellitus and cancer. The attended surgical department showed differences in their postoperative AKI risks and several other risk factors were also identified. Moreover, the clinical characteristics associated with postoperative AKI were similar between the GA and non-GA groups, although following variables were not associated with the risk of AKI in surgeries under non-GA; male sex, renin-angiotensin-aldosterone system blocker usage, baseline hypoalbuminemia, longer surgical duration, were not significantly associated with the development of postoperative AKI in patients undergoing non-GA surgeries.

###### 

Risk factors for acute kidney injury in the study cohort.
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3.4. Postoperative prognosis of patients with AKI
-------------------------------------------------

We identified 4677 cases of mortality and 55 cases of progression to end-stage renal disease in the study cohort. As shown in Fig. [2](#F2){ref-type="fig"} and Table [4](#T4){ref-type="table"}, postoperative AKI was associated with worse postoperative prognosis, inferred by both mortality and end-stage renal disease progression. Particularly in patients undergoing non-GA surgery, the risks of death, and renal failure were increased after AKI, which were comparable to the worse prognosis of AKI after GA surgeries. The above comparable worse prognosis of AKI patients under GA or non-GA was similarly identified regarding sCr-based outcomes.

![Kaplan-Meier survival curve showing the patient prognosis of the study cohort. The left graphs used progression to end-stage renal disease as an outcome and the right graphs used patient mortality as an outcome. The upper graphs show the survival curves of patients with surgeries under general anesthesia, and the lower graphs show the survival curves of those who underwent operations under non-general anesthesia. The black lines are the survival curve of patients with postoperative AKI events, and the gray lines with those without the AKI. The *y*-axes show the cumulative patient survival, and *x*-axes indicate the time (years) from operation. *P* values by the log-rank method and tables containing number of patients at risk are shown in each graph. AKI = acute kidney injury.](medi-97-e12014-g005){#F2}
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Postoperative prognosis of AKI in the study cohort.
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3.5. Patterns of nephrological evaluation in patients with postoperative AKIs
-----------------------------------------------------------------------------

When we analyzed the patterns of clinical management after AKI among patients with postoperative AKI (Table [5](#T5){ref-type="table"}), we found that clinicians were less likely to order follow-up sCr measurements in the non-GA group compared to the GA group. However, the overall odds of obtaining a nephrology consultation did not show a significant difference between 2 groups. Clinical management of postoperative AKI varied widely depending on surgery departments, with surgeries performed by the pulmonary department having even higher odds of measuring post-AKI sCr values than others. In the multivariable analyses, the odds of ordering post-AKI sCr were significantly lower for surgeries performed by the urology department as were the odds of obtaining nephrology referral after AKI for surgeries performed by general surgery department.

###### 

Post-AKI nephrologic assessment and prognosis in patients who underwent non-GA surgery.
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4. Discussion
=============

In this study, we identified that postoperative AKI after non-GA surgeries had similar characteristics and significant association with postoperative prognosis as that after GA surgeries. In addition, we showed that despite the clinical significance, renal function measurement was less commonly performed in non-GA operations than in surgeries under GA. Therefore, our study could serve as a retrospective evidence showing that additional attention to the postoperative AKI after non-GA surgery is warranted.

The main strengths of our study are that we analyzed large number of patients and focused on the characteristics, prognosis, and clinical awareness of AKI in non-GA surgeries, which was scarcely done before. Numerous studies demonstrated that postoperative AKI adversely affects surgery outcomes, including patient mortality and renal failure.^\[[@R12],[@R25],[@R26]\]^ Clinicians do recognize the importance of postoperative AKI; however, whether this clinical awareness was similarly necessary and secured regarding AKI after non-GA surgery was not investigated before. In our study, as suspected, the patients of the non-GA group were less likely to have their perioperative kidney function measured, which is crucial to detect AKI.^\[[@R15]\]^ This practice pattern might be acceptable if AKI prognosis was substantially better or incidences were lower after non-GA than the GA surgeries, but we identified that the incidence of AKI in the non-GA group was comparable to that of the GA group. In addition, AKI after non-GA surgery was also critically associated with patients' prognosis. Therefore, clinicians should consider additional attention for AKI risks in surgeries performed under non-GA.

The possible mechanisms of AKI after non-GA surgery in our study should be considered. Previously, perioperative hemodynamic instability and the use of nephrotoxic agents are considered the major causes of postoperative AKI.^\[[@R25],[@R27]\]^ In our study, the risk factors associated with AKI were similarly identified in GA and non-GA surgeries. This implies that the underlying mechanism of AKI and worsening of renal prognosis after the event may be similar in GA and non-GA surgeries. Attending clinicians should give additional attention to potential occurrence of AKI in patients with these traditional risk factors regardless of the performed anesthesia method.

Next, our result showing the differences between surgical departments needs to be noted. In our study hospitals, clinical management patterns after postoperative AKI varied widely between surgical departments. Patients who underwent non-GA surgery in the pulmonary department had higher odds of having follow-up sCr measurements; this might be because of the inclusion of patients who were critically ill or received intensive care. General surgery department showed a tendency to less frequently monitor follow-up AKI events or refer patients to the nephrology division, and patients underwent surgeries at the urology department had significantly lower odds of having follow-up sCr measurements. Additional study investigating the department-specific post-AKI management pattern is warranted to demonstrate more detailed results. In addition, these overall differences in post-AKI management across departments, not only after non-GA but also after GA surgeries, suggest that a systematic hospital-based approach may be necessary to establish guidelines for postoperative AKI management.

The following limitations should be considered in our study. First, possible selection bias was present. In the perioperative periods, the non-GA group was less likely to measure sCr values, and this was a common situation in those without comorbidities. Therefore, the actual incidence of postoperative AKI might be lower in non-GA patients, as low-risk patients are less likely to have follow-up sCr measurement. In addition, the lack of standardized follow-up measurement of sCr might also be associated with partial inclusion of non-surgery related AKI events, although this was hard to overcome because of the study\'s innate nature of being a retrospective study. Second, including all surgeries during a relatively long duration resulted in a heterogeneous study population. However, this approach was necessary to compare specific subgroups and to show differences or similarity between the GA and non-GA surgery cases. Third, as this was a single-center study and we mostly analyzed patterns of clinical management, our results might not be generalizable to other hospitals. Last, owing to its retrospective nature, possible hidden confounder might have been present, but was unidentifiable as individual risk factors associated with poor outcomes highly varied among the included patients. In addition, our study could not directly show whether strict AKI risk evaluation may really improve patients' prognosis after non-GA surgeries.

In conclusion, postoperative AKI was significantly associated with worse prognosis in patients undergoing non-GA surgeries and their incidence and impact of AKI was comparable to that of under GA operations. Despite this clinical importance, perioperative renal function assessment was less performed in non-GA surgery field. Additional attention to AKI risks in patients who undergo non-GA surgery is warranted.
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